designed from microsatellite loci of L. longifl orum and they are used to genetically characterize two natural populations, from Yakushima Island (predominantly self-compatible population) and Ishigakijima Island (predominantly self-incompatible population).
METHODS AND RESULTS
Total DNA was extracted from approximately 100 mg of L. longifl orum 'Hinomoto' fresh leaf by the cetyltrimethylammonium bromide (CTAB) method ( Doyle and Doyle, 1987 ) , with some modifi cations ( Nakazawa et al., 1997 ) .
Microsatellite loci of L. longifl orum were isolated according to the dual-suppression PCR technique ( Lian et al., 2006 ) . DNA was digested with Eco RV, and the restricted fragments were ligated with a specifi c adapter (48-mer: 5 ′ -GTAA-TACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT-3 ′ and 8-mer with the 3 ′ -end capped with an amino residue: 5 ′ -ACCAGCCC-NH 2 -3 ′ ) using the DNA Ligation Kit version 1 (TaKaRa Bio Inc., Otsu, Shiga, Japan). The ligated fragments were treated with ddGTP using AmpliTaq Gold DNA Polymerase (Applied Biosystems, Foster City, California, USA) to block polymerase-catalyzed extension of the 8-mer adapter strand. Then, specifi c fragments were amplifi ed using an SSR compound primer ((AC) 6 (AG) 5 or (TC) 6 (AC) 5 ) and an adapter primer (5 ′ -CTATAGGGCACGCGTGGT-3 ′ ) from the Eco RV DNA library of L. longifl orum . The fragments (400-800 bp) were purifi ed using the QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany) and cloned using the Perfectly Blunt Cloning Kit (Novagen, Madison, Wisconsin, USA) in accordance with the manufacturer's instructions. Recombinant clones were identifi ed using blue/white screening on Luria-Bertani agar plates containing carbenicillin, tetracycline, X-gal, and IPTG. Insert-positive clones were amplifi ed using M13 forward or reverse primer. Plasmid DNA was extracted from each of 89 insert-positive clones using the Plasmid Mini Purification Kit (LaboPass, COSMO Genetech, Seoul, South Korea), and sequenced using the BigDye Terminator Cycle Sequencing Kit version 1.0 (Applied Biosystems). For 32 of 61 fragments containing the (AC) 6 (AG) 5 or (TC) 6 (AC) 5 sequence at one end, specifi c primers were designed using Primer3 software ( Rozen and Skaletsky, 2000 ) .
To demonstrate the effectiveness of 10 primer pairs ( Rousset, 2008 ) and sequential Bonferroni correction was applied for multiple tests.
There was a marked difference in genetic variation between the populations. In the Yakushima Island population, mean H o and H e values were 0.245 (0.000-0.591) and 0.346 (0.000-0.834), respectively, and the number of alleles per locus was 1 to 10, with an average of 3.2 ( Table 2 ) . Three loci (Llon004, Llon005, and Llon007) were monomorphic, and a signifi cant deviation from HWE was observed at four loci (Llon002, Llon003, Llon008, and Llon009). The fi xation index of the Yakushima Island population was 0.303 ± 0.349. In contrast, in the Ishigakijima Island population, mean H o and H e values were 0.732 (0.333-1.000) and 0.745 (0.512 -0.924), respectively, and the number of alleles per locus was 3 to 18, with an average of 10.3 ( Table 2 ) . Signifi cant deviation from HWE was observed only at Llon005, and the fi xation index was 0.026 ± 0.173. Linkage disequilibrium was estimated for the data set from the Ishigakijima Island population and was found to be not signifi cant between any loci ( P < 0.01). Sakazono et al. (2012) determined that the Ishigakijima Island population predominantly contains self-incompatible individuals and the Yakushima Island population predominantly contains two populations in Japan. Leaf samples were collected from 22 plants from the Yakushima Island population (Anbo, Yakushima Island, Kagoshima, Japan, 30 ° 30 ′ N, 130 ° 65 ′ E) and the Ishigakijima Island population (Sakieda, Ishigakijima Island, Okinawa, Japan, 24 ° 43 ′ N, 124 ° 07 ′ E) for microsatellite analysis. Voucher specimens (Yakushima Island population: SS001; Ishigakijima Island population: SS002) were deposited in the Herbarium of Tohoku University (TUS). Template DNA was extracted from each silica gel-dried leaf sample, and PCR amplifi cation was performed using (AC) 6 (AG) 5 or (TC) 6 (AC) 5 primers labeled with fl uorochromes 6-FAM or VIC (Applied Biosystems) and a specifi c reverse primer with a PIG-tail sequence at the 5 ′ end (GTTTCTT) ( Brownstein et al., 1996 ) . The PCR mixture (10 μ L) contained 0.2 μ M of each primer, 0.05 U AmpliTaq Gold DNA Polymerase (Applied Biosystems), 1 × PCR Buffer II, 0.2 mM each dNTP, 2.5 mM MgCl 2 , and 20 ng template DNA. The PCR cycle parameters were 95 ° C for 12 min; followed by 35 cycles of 94 ° C for 30 s, 30 s at the annealing temperature for each primer, and 72 ° C for 1 min; and fi nal extension at 72 ° C for 7 min. The reaction products were electrophoresed using the Applied Biosystems 3500 Genetic Analyzer with Gene-Scan 600 LIZ size standard (Applied Biosystems) and analyzed by GeneMapper software (Applied Biosystems). Observed heterozygosity ( H o ) and expected heterozygosity ( H e ) were calculated using IDENTITY version 1.0 software ( Wagner and Sefc, 1999 ) . Deviation from Hardy-Weinberg equilibrium (HWE) at each locus and linkage disequilibrium between loci were calculated using TABLE 1. Characteristics of 10 microsatellite primers developed for analysis of Lilium longifl orum .
CONCLUSIONS

Locus
Primer sequences (5 ′ -3 ′ ) a Repeat motif Size range (bp) T a ( ° C) Fluorescent label GenBank accession no. Note : A = number of alleles; F IS = fi xation index; H e = expected heterozygosity; H o = observed heterozygosity. a Signifi cant deviation from Hardy-Weinberg equilibrium: * P < 0.05, ** P < 0.01, *** P < 0.001.
self-compatible individuals. The microsatellite analysis reported here has clarifi ed that genetic diversity is very low in the Yakushima Island population, while the Ishigakijima Island population has retained high genetic variation. These results indicate that L. longifl orum shows intraspecifi c variation in mating systems among populations; that is, inbreeding occurs in the Yakushima Island population and random outcrossing occurs in the Ishigakijima Island population. The microsatellite markers developed in this study have the potential to be useful tools for estimating the genetic diversity and mating system of natural L. longifl orum populations.
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